Objective: This study examined the impact of early life trauma (ELT) on cardio-metabolic health in veterans from post-9/11 conflicts who experience significant stress from deployment and reintegration. Method: Three hundred thirty-seven veterans from the Translational Research Center for Traumatic Brain Injury and Stress Disorders study underwent physiological assessments, including blood pressure and waist circumference. Fasting blood samples were collected to measure metabolic syndrome (MetS; cholesterol/triglycerides/glucose). ELT history was determined using the Traumatic Life Events Questionnaire. Posttraumatic stress disorder (PTSD) symptoms were assessed using the ClinicianAdministered PTSD Scale. Logistic regression models examined the association of ELT and MetS diagnostic criteria while controlling for confounders. Results: The adjusted logistic regression showed a significant relationship between interpersonal ELT (IP ELT) and risk of MetS, with IP ELT having an approximately 3-fold increase in the risk of cardio-metabolic syndrome compared with those with no trauma (odds ratio [OR] ϭ 3.06, p Ͻ .05). IP ELT was associated with over a 2-fold increased risk of elevated triglycerides compared with those with no trauma (OR ϭ 2.06, p Ͻ .05). PTSD symptoms also explained in part the IP-ELT/MetS relationship. Veterans with any ELT were significantly more likely to meet for a current diagnosis of PTSD. Conclusions: Our findings suggest that veterans with IP ELT are more likely to meet MetS and PTSD diagnostic criteria than veterans without IP ELT. This is concerning considering the young age of the sample and stresses the importance of an integrated and holistic approach in the assessment of physical and mental health in returning veterans.
Studies in the past decade have shown that early life trauma (ELT) can significantly influence both physical and mental health as well as increase an individual's sensitivity to stress throughout the life span (Miller, Chen, & Parker, 2011) . Although there is no exact and uniform criterion for what constitutes ELT, most authors have included events of an interpersonal (IP) nature, like physical abuse, sexual abuse, and exposure to family violence (Dannlowski et al., 2012; Teicher & Samson, 2013; Tottenham & Sheridan, 2010) . Evidence has shown that IP trauma, especially during childhood (Amstadter & Vernon, 2008; Breslau, Chilcoat, Kessler, & Davis, 1999; Ehring & Quack, 2010) , leads to more severe symptoms of psychopathology than non-IP ELT, especially during childhood. It has been suggested by previous studies that the IP nature of childhood abuse is especially important because it would affect the trust and bond between the developing child and their caregiver (Perry, Pollard, Blakley, Baker, & Vigilante, 1995; Tottenham & Sheridan, 2010) , which would, in turn, affect the natural development of fear and stress regulation (Stevens, van Rooij, & Jovanovic, 2016; van Rooij et al., 2017) . Although there is still some debate about the relative severity of various trauma types, the lasting cognitive and emotional effects of IP ELT, such as decreased emotional regulation and attentional bias to emotionally negative stimuli, have been extensively documented and supported (McLaughlin et al., 2010; Pechtel & Pizzagalli, 2011; van der Kolk, 2003) . However, less attention has been dedicated to the lasting sequelae of IP ELT and its concomitant stress on the integrity of biological systems related to physical health. Physical health is of particular concern considering that individuals with a history of IP ELT appear to be more susceptible to chronic disease later in life and experience generally poorer physical health outcomes such as autoimmune disorders, cardiovascular disease, and premature mortality (Miller et al., 2011) .
A potential pathway for the increased risk of cardiovascular disease and fatality in middle and late adulthood is through the impact of metabolic syndrome (MetS), which is diagnosed when three or more of the following five measures are present: reduced high-density lipoprotein (HDL) cholesterol, elevated waist circumference, elevated blood pressure, elevated fasting glucose, and elevated triglycerides (Grundy et al., 2005) . Having a diagnosis of MetS significantly increases the risk of cardiovascular disease and premature mortality (Malik et al., 2004) . Additional studies have also recognized the importance of examining the impact of IP ELT on cardiovascular health, with a special focus on markers of MetS. Van Reedt Dortland, Giltay, van Veen, Zitman, and Penninx (2012) extended these findings by showing that IP ELT-in this case, emotional neglect, psychological abuse, physical abuse, and sexual abuse-was a strong predictor of increased systolic blood pressure, cholesterol, waist circumference, and overall cardiometabolic risk in their sample. A study by Lee, Tsenkova, and Carr (2014) additionally found that individuals exposed to IP ELT were at a greater risk of developing MetS than those without IP-ELT history. Thus, it appears that experiencing IP ELT increases an individual's risk of developing markers of MetS.
An important caveat to interpreting this emerging association between IP ELT and decreased cardio-metabolic health is that the path by which IP-ELT affects physical health is not fully understood. One path may be the increased risk of developing psychopathology following IP ELT, which, in turn, may be associated with a dysregulation of the physiological stress response. Previous studies have shown that experiencing IP ELT during critical periods of development can impact cognition and emotion regulation, which may increase the risk of developing psychopathology after a significant stressor during adulthood (Kessler, Davis, & Kendler, 1997; McLaughlin et al., 2010; Molnar, Buka, & Kessler, 2001) . In other words, it would be the onset of posttraumatic stress disorder (PTSD) or depression, and not IP ELT itself, that would result in the health complications. The effect of PTSD and/or depression on cardio-metabolic health has been documented in a number of studies (Pan et al., 2012; Rasmusson, Schnurr, Zukowska, Scioli, & Forman, 2010; Tarullo & Gunnar, 2006) . This effect may be direct or through increased negative health behaviors such as increased alcohol consumption, disordered eating, and smoking, all of which are risk factors in developing MetS (Chandola, Brunner, & Marmot, 2006; Hudson et al., 2010; Irish, Kobayashi, & Delahanty, 2010; Sachs-Ericsson et al., 2010; Slagter et al., 2013) . Considering the intricate relationship between IP ELT, adult psychopathology, negative health behavior, and cardio-metabolic health, it is important to adopt an experimental approach that includes the contribution of the various factors to a clear measure of health outcomes.
In the current study, we examined the impact of IP ELT on cardio-metabolic measures in a sample of primarily young veterans from post-9/11 deployments. Veterans are an especially interesting population, as they consistently show a high prevalence of IP ELT (Brown, McBride, Bauer, Williford, & Cooperative Studies Program 430 Study Team, 2005; Cabrera, Hoge, Bliese, Castro, & Messer, 2007) , experience an uncommon level of stress related to deployment, and therefore may be at a greater risk for adverse health (McEwen, 2008; Miller et al., 2011; Rosmond, 2005) . A study by Heppner et al. (2009) showed that veterans suffering from PTSD presented higher rates and levels of MetS than civilians of similar age and demographics. Additionally, Wolf et al. (2016) reported, using the TRACTS longitudinal cohort (which includes participants tested more than once; see McGlinchey, Milberg, Fonda, & Fortier, 2017) , that PTSD might be a risk factor in developing MetS. These studies highlight the importance of examining the role of ELT in this relationship in the current sample of veterans. Based on prior reports mentioned in the introduction, we hypothesized that veterans with IP ELT are more likely to develop psychopathology in adulthood. Similarly, veterans with IP ELT would experience higher levels of MetS than individuals with non-IP ELT or no ELT. We hypothesized that IP ELT has both a direct effect on MetS and an indirect association with MetS through its effect on PTSD symptom severity.
Method Participants
Participants were recruited from the Translational Research Center for TBI and Stress Disorders (TRACTS). The TRACTS study comprehensively assesses the psychological, biological, and cognitive functioning of service members of post-911 conflicts. Participants are recruited from the New England area through yellow ribbon events and other social platforms. Inclusion criteria for participants in the TRACTS study were Age 18 to 65; service in Operation Enduring Freedom, Operation Iraqi Freedom, and Operation New Dawn; or scheduled deployment. These criteria allow for inclusion of deployed service members who may or may not have had a mild traumatic brain injury (TBI) and who may or may not be suffering from PTSD. Participants were excluded from TRACTS if they reported any of the following: a history of neurological illness other than TBI (such as Huntington's disease, Parkinson's disease, dementia, or multiple sclerosis); a history of seizures (not related to TBI); current diagnosis of schizophrenia spectrum or other psychotic disorders (not related to trauma); current diagnosis of bipolar or related disorders (not related to PTSD); current active suicidal and/or homicidal ideation, intent, or plan requiring crisis intervention; or cognitive disorder caused by general medical condition other than TBI. Additional details of the cohort, including information regarding specifics about subject recruitment, have been comprehensively described elsewhere . All procedures and the protocol were approved by the Institutional Review Board and Human Studies Committee of VA Boston Health Care System.
For the purpose of the current study, we included only TRACTS participants aged 19 to 62 who completed a full assessment needed for the diagnosis of ELT as well as a complete psychological and physiological assessment. Among the 433 participants enrolled in TRACTS at the time of this analysis, we excluded cases if they reported a factors that may impact their neurological (n ϭ 2), cognitive (n ϭ 1), or psychological (n ϭ 2) function, such as congenital neurological irregularities, low IQ, or possible psychotic or personality disorder diagnoses. Individuals were also excluded if they were diagnosed with a moderate/severe TBI (n ϭ 16), if they failed the effort measures included in the TRACTS assessment (n ϭ 23; e.g., Medical Symptom Validity Tests scores Ͻ85), or if they had not yet been deployed at the time of their visit (n ϭ 20). Additionally, participants were excluded if a diagnosis of ELT or MetS could not be established because of missing or incomplete clinical information (n ϭ 12). After accounting for exclusionary criteria, the resulting sample size consisted of 337 returning veterans. Excluded veterans did not differ significantly from included participants on any demographic or clinical conditions other than age, with excluded veterans being an average of 4 years older than included participants (mean 35.5 years vs. mean 31.5 years). Excluded veterans also showed similar rates of both ELT and MetS.
Clinical Assessment
All participants completed an extensive psychological interview detailing ELT history, PTSD symptoms, Axis I disorders, combat exposure, and stress levels. Psychiatric diagnoses were determined by a doctoral-level psychologist and reviewed by at least two additional doctoral-level psychologists to reach consensus diagnoses . The sample was separated into three groups based on their history of ELT, as described in previous studies (Corbo, Amick, Milberg, McGlinchey, & Salat, 2016; Corbo et al., 2014; Fortenbaugh et al., 2017) . Using the Traumatic Life Events Questionnaire (TLEQ; Kubany et al., 2000) and the Clinician-Administered PTSD Scale (CAPS; Blake et al., 1995) , participants were included in the group if they reported a Diagnostic and Statistical Manual of Mental Disorders (4th ed., text rev.; DSM-IV-TR; American Psychiatric Association, 2000) criterion A-1 event, per current guidelines reflected in the DSM-IV-TR, before Age 18. Participants were then divided into the IP-ELT group (n ϭ 121) if they reported occurrences of physical abuse, sexual abuse, and/or family violence before the age of 18 (Items 10 -15 on the TLEQ), or the non-IP-ELT group (n ϭ 141) if they reported a non-IP trauma (Items 1-9 and 16 -21 on the TLEQ), such as natural disaster or motor vehicle accident, before the age of 18, but had not reported any IP trauma before the age of 18. Participants were included in the no-ELT group (i.e., control group; n ϭ 75) if they did not report any traumatic exposure before the age of 18, IP or otherwise.
Current PTSD severity and diagnoses were determined using the CAPS IV, following the DSM-IV-TR (American Psychiatric Association, 2000) criteria. The interview is done as a core component of the TRACTS protocol and helps establish whether individual participants meet criteria for diagnosis, subclinical symptoms, or no symptoms. CAPS-IV interrater reliability was examined in 5% of the TRACTS cohort. Audiotapes of 23 interviews were reviewed by independent raters, and correspondence between the raters and the interviewer were compared. Interrater reliabilities were strong ( Ͼ 0.68) for diagnoses for each time epoch (current and postdeployment; McGlinchey et al., 2017) compared with established CAPS-IV interrater reliability ( ϭ .58; Blake et al., 1995) . Depressive (e.g., major depressive disorder, dysthymic disorder), anxiety (e.g., panic disorder, social or specific phobia, generalized anxiety disorder, obsessive compulsive disorder), and substance use (e.g., alcohol and drug abuse or dependence) disorder diagnoses were likewise determined using the Structured Clinical Interview for DSM-IV Axis I Disorders Nonpatient edition. Total lifetime consumption of alcohol, adjusted for weight, was computed using the Lifetime Drinking History (Skinner & Sheu, 1982) , which measures the total amount of ounces of pure alcohol ingested over the lifetime per kilogram of body weight.
Combat exposure was measured using the Combat Experiences module of the Deployment Risk and Resilience Inventory (King, King, Vogt, Knight, & Samper, 2006) self-report questionnaire. The questionnaire module consists of 16 items arranged on a Likert scale ranging from 0 to 4, with higher scores indicating a greater amount of combat experiences (Cronbach's alpha [␣] ϭ .93).
Anxiety and depression symptom severity were measured using the Depression Anxiety Stress Scales (Henry & Crawford, 2005) self-report questionnaire. The questionnaire module is arranged on a Likert scale ranging from 0 to 4, with higher scores indicating a higher level of symptom severity within the past week (Cronbach's ␣ ϭ .95). Sleep quality was measured using the Pittsburgh Sleep Quality Index (Carpenter & Andrykowski, 1998) self-report questionnaire, with global scores ranging from 0 to 21 (Cronbach's ␣ ϭ .80).
Physiological Assessment
Participants completed a physiological examination that included waist circumference and blood pressure, using the American Heart Association guidelines (Pickering et al., 2005) , as well as a blood draw. Fasting triglyceride, glucose, and HDL measurements were obtained from laboratory blood tests.
Statistical Analyses
Descriptive statistics were calculated for demographic and clinical characteristics of the sample. One-way ANOVAs (for continuous variables) or chi-square tests (for categorical variables) were performed to determine group differences between participants in each trauma group. Logistic regression models were used to examine the association of ELT and MetS diagnostic criteria while controlling for confounders. The baseline model containing IP and non-IP ELT was used to compute crude odds ratios (ORs). To assess for confounding, a change-in-estimate approach was implemented using forward selection, as described in Greenland (1989) . Demographic variables that differed significantly between ELT groups were added sequentially to the model: In each step, the variable whose addition to the model resulted in the largest change in the OR was selected. Selection stopped when the change in the OR with the addition of the next potential confounder did not exceed 10%. Combat exposure was the only confounder selected using this method and was included as a covariate in the final adjusted models. PTSD was not treated as a potential confounder, as we hypothesized that PTSD severity may lie on the causal path between ELT and MetS.
We conducted an additional analysis on the subset of participants with IP ELT or no ELT to determine the direct and indirect effects of IP ELT on MetS relative to no ELT, while accounting for the impact of psychiatric symptoms using the method described in MacKinnon and Dwyer (1993) , which is appropriate for dichotomous outcomes (see Figure 1) . As an exploratory analysis, to further examine the unique role of reexperiencing, numbing/avoidance, and hyperarousal PTSD symptom clusters, we conducted three separate models of the indirect effects of each symptom cluster score. Symptom clusters were not put into the same model because of the high collinearity between them. Percent indirect effect was computed as the ratio of the beta coefficient for the indirect effect to the beta coefficient for the total effect.
Results
Participants were similar in age, ethnicity, and education level among the IP-ELT, non-IP-ELT, and no-ELT groups; however, the IP-ELT group had a higher percentage of female veterans (see Table 1 ). Participants with IP ELT and non-IP ELT also had significantly higher prevalence of PTSD and more severe PTSD symptoms compared with veterans without any ELT. Additionally, the IP-ELT group had higher prevalence of anxiety disorders than both non-IP-ELT and no-ELT groups. Mood disorders, substance use disorders, depression and anxiety symptoms, weight-adjusted lifetime alcohol consumption, sleep quality impairment, and rates of tobacco use did not differ between groups. Combat exposure was significantly lower in the IP-ELT group compared with the non-IP ELT and no-ELT group. However, between-group differences in combat exposure disappeared when stratifying by gender, indicating that the low levels of combat exposure in the IP-ELT group were driven by the higher percentage of female veterans in Figure 1 . Path diagram showing the hypothesized relationships between early life trauma, posttraumatic stress disorder (PTSD) symptoms, and metabolic syndrome among post-9/11 veterans. The "a" path represents associations between early life trauma and PTSD symptoms; the "b" path represents associations between PTSD symptoms and metabolic syndrome; and the "c" path represents association between PTSD symptoms and metabolic syndrome. that group (who were less likely to have direct combat roles during deployment than male veterans). Participants with IP ELT met criteria for more MetS risk factors, with 21% of the IP-ELT group meeting criteria for three or more diagnostic factors, whereas only 10% of the non-IP-ELT group and 9% of the no-ELT group did (Figure 2A) . The logistic regression model adjusted for combat exposure showed a significant relationship between IP ELT and risk of cardio-metabolic syndrome, with the IP-ELT group having approximately a threefold increase in the risk of having MetS compared with those with no ELT (OR ϭ 3.06, p Ͻ .05; see Table 2 ). The non-IP-ELT group did not show an increased risk of MetS compared with the no-ELT group. Examining individual MetS diagnostic criteria, we found that those with IP ELT had an over twofold increased risk of elevated triglycerides compared with those with no trauma (OR ϭ 2.27, p Ͻ .05) as well as an almost twofold increased risk of reduced HDL (OR ϭ 1.99, p Ͻ .05). The non-IP-ELT group did not show a significantly higher risk of meeting any of the individual MetS criteria compared with the no-ELT group. The distributions of each risk factor measure reflected these differences ( Figure 2B) .
Table 1 Demographic and Clinical Characteristics of Sample by ELT Group
Analysis of indirect effects indicated that PTSD symptom severity accounted for 16% of the total effect of IP ELT relative to no ELT on MetS diagnosis (see Table 3 ). Of the CAPS subscores, the Reexperiencing score had the greatest indirect effect, accounting for 19% of the total effect, whereas Avoidance/Numbing and Hyperarousal each accounted for 9%.
Discussion
The current study showed that veterans with reported IP ELT had a threefold increase in the risk of meeting criterion for diagnosis of MetS as adults compared with the no-ELT group as well as a twofold increased risk of elevated triglycerides compared with the no-ELT group. The risk for reduced HDL and higher obesity was also increased, although not significantly so, in the IP-ELT group compared with the no-ELT group. Veterans with reported non-IP ELT did not show an increased risk of MetS or any MetS diagnostic criteria compared with the no-ELT group. These results suggest that ELT in itself does not increase the risk of poor metabolic health outcomes later in life; rather, it is the early experience of trauma of a particularly IP nature that may confer a higher risk of developing MetS in combat-exposed veterans. These findings raise the possibility that individuals with IP ELT may be sensitized to the cardio-metabolic effects of stress and trauma later in life compared with individuals without IP ELT.
Veterans in the IP-ELT group also had significantly higher prevalence of PTSD, more severe PTSD symptoms, and higher prevalence of anxiety disorders compared with the non-IP-ELT and no-ELT groups. Analysis of indirect effects determined that PTSD accounts for 16% of the total effect of IP ELT relative to no ELT on MetS diagnosis. These findings suggest that veterans with IP ELT may also be sensitized to the psychological effects of stress later in life. In addition, results suggest that veterans with IP ELT who also experience a current diagnosis of PTSD are likely at an even greater risk for developing MetS than veterans with IP ELT or PTSD alone.
Because study groups did not differ significantly in known components of MetS such as smoking, drinking, or substance use, we propose that the heightened risk of MetS in combat-exposed veterans with IP ELT may not be caused by typical health behaviors. The exact cause cannot be determined for certain, but it may be possible to speculate. One avenue to explore further would be the impact of stress hormones and the hypothalamic-pituitaryadrenal (HPA) axis function on metabolic health (Miller et al., 2011; Tarullo & Gunnar, 2006) . Animal models have illustrated the enhanced sensitivity of the HPA axis during critical developmental periods between birth and adolescence (Hellstrom, Dhir, Note. IP-ELT ϭ interpersonal early life trauma; ELT ϭ early life trauma; NIP ϭ non-interpersonal trauma group; OR ϭ odds ratio; CI ϭ confidence interval; M ϭ male; F ϭ female; HDL ϭ high density lipoprotein. a Adjusted for combat exposure. Note. PTSD ϭ post-traumatic stress disorder; CAPS ϭ clinician-administered PTSD Scale; OR ϭ odds ratio; CI ϭ confidence interval; PIE ϭ percent indirect effect. a Odds associated with 10-point change in CAPS score. Diorio, & Meaney, 2012) . In the case of IP ELT and the HPA axis, the environmental disruption in its development would lead to dysregulation of cortisol (McEwen, 2000) , which directly impacts general metabolism and immune response (McEwen, 2008) , leading to the deposition of visceral fat, insulin resistance, and, ultimately, poor cardiovascular health (Purnell et al., 2009 ). This direct hormonal pathway would link the psychological trauma to later greater risk for adverse physical health particularly into adulthood (Batten, Aslan, Maciejewski, & Mazure, 2004; Dong et al., 2004; Miller et al., 2011; Roy, Janal, & Roy, 2010; Tarullo & Gunnar, 2006) . Although a direct hormonal pathway is a strong possibility, we cannot exclude the impact of indirect factors on the development of MetS. Although our groups did not appear to differ in the usual suspects such as alcohol and substance use, it may be that tobacco use started earlier in the IP-ELT group. Another important measure that is not accessible in our current data set is a measure of nutritional factors during development. Households that saw family violence may also not have been able to provide the proper nutrition during critical periods of metabolic development. One factor that we did not examine was the socioeconomic (SES) status of participants while they were growing up. It is possible that groups differed on SES and access to fresh food, increasing the risk for MetS (Park et al., 2003) . Lastly, we cannot exclude that both direct and indirect factors interacted in the observed increase in MetS factors between the IP-ELT and non-ELT groups.
Our current findings support the works of previous studies claiming that ELTs impact general physical health as well as increase the risk of developing psychopathology and PTSD (Kessler et al., 1997; McLaughlin et al., 2010) . In particular, our results suggest that veterans with IP ELT are more likely to develop combat-related PTSD later in life, resulting in a noteworthy lifetime burden of stress. PTSD and psychopathology have also been linked to the development of MetS (Pan et al., 2012; Rasmusson et al., 2010; Tarullo & Gunnar, 2006) . Therefore, it may be that a history of IP ELT, excess stress resulting from deployment and reintegration to civilian life, psychopathology in adulthood, and an altered ability to cope with excess stress all contribute to increase risk factors for MetS and reduce cardiovascular health later in life.
It must be noted that we studied a relatively young group of veterans who were, on average, in their young 30s. Yet across all ELT groups, we observed waist circumferences that qualify as overweight but not obese. Because of rigorous training and habits instilled by the military, a natural assumption would be that young veterans would still be in exceptional physical shape. However, this was not the case in our sample. Although many studies focus on the psychological stressors of transitioning back from military to civilian life, these results suggest that this transition may have a significant impact on physical health outcomes that may require early intervention.
Our findings are limited by the cross-sectional nature of the design. Additionally, although we had access to information on some health behaviors, we did not track participant's diet and exercise habits, which may have influenced our outcome measures. We were also not able to assess cortisol levels to provide further insight into the role of the HPA axis, which should be of note for future studies. Despite these limitations, our study provides important information regarding the impact of ELT on MetS factors, especially in relation to populations exposed to chronic stress.
In summary, the current study revealed that IP childhood trauma is associated with changes in physiology that increases risk for markers of MetS and MetS diagnosis. Interpersonal childhood trauma also greatly influences an individual's chances of being diagnosed with PTSD and psychopathology following deployment to a war zone. The findings from this study stress the importance of adopting a holistic approach in the assessment of physical health in this cohort, especially considering the young age of the sample. As noted, IP ELT and PTSD/psychopathology have been shown to increase an individual's chances of developing MetS, which plays a major role in the development of cardiovascular disease and fatality later in life (Malik et al., 2004) . Intervention targeting health outcomes of the cardiovascular system may greatly benefit from a more comprehensive survey of the psychological stressors, including as IP ELT.
